his research studies the effectiveness of different dialysis units on patients with renal failure by comparing the blood constituent before and after dialysis which indicates the dialyzer efficiency. Three kinds of hollow fiber materials were used in this research, Cuprophan, hemophan and polysulfone, with three surface areas of 1.1, 1.3, and 1.6 m 2 . Different parameters were studied, including fiber type and surface area, to evaluate the efficiency of the dialyzers under study. Polysulfone dialyzers of 1.6 m 2 have achieved the best results compared to other types of dialyzers.
Introduction
Industrial textiles cover applications in areas like agriculture and forestry materials, architecture and construction, structural components, filtration, hydraulic, civil and railway engineering, medical textiles, military defense, protective wear, sports and transportation (Prudy, 1996) .
The term Medical Textiles literally means textiles used for medical purposes. Textiles, being a vital part of human life, have long been used in the medical field, though the term has been coined very recently. Textile materials have a range of properties such as flexibility, elasticity and strength. Based on such properties, research work has been going on rapidly around the world concerning the application of textiles in the medical field (Pardeshi & Manjrekar, 2002) .
Medical textiles are considered as an important and growing part of the textile industry which consisting of the healthcare and hygiene product. The extent of growth is due to constant improvements and innovations in both textile technology and medical procedures (Rigby et al., 1997) .
As more research has been completed, textiles have found their way into a variety of medical applications, ranging from medical apparel to implants, blood filters, and surgical dressings (Adanur, 1995 ).
Artificial Kidney
Kidney failure is a condition where the kidney is incapable of performing its normal functions. Creatinine toxic substances which should have been excreted such as urea and creatinine -the breakdown product of muscle-accumulate in the body, and if their levels are high, symptoms such as tiredness, body weaknesses, loss of appetite and vomiting will be resulted (Schrier & Gottschalk, 1988 ).
In addition, the volume of salt and water increases in the body and the composition of body fluids may be seriously deranged (hyperkalcemia, acidosis, hyperphosphatemia and hypocalcemia) (Beyreuther & Hofmann, 1997 ).
Kidney failure is considered a condition of a severe renal impairment to the extent that G.F.R. falls below 10% causing either acute renal failure (in few days) or chronic renal failure (in months or years) (Kumar & Clark , 2005) .
Creatinine clearance is the measure to assess the kidney function in medicine as creatinine and blood creatinine are often used by doctors as a measure of the degree of kidney failure. Generally, when the creatinine level in the blood reaches a level of 900 umol/L, the patient should start on dialysis. Dialysis may be performed intensively for short periods if the loss of renal function is acute and reversible. If on the other hand, the loss of renal function is irreversible, it is necessary to perform dialysis chronically to sustain life (Schrier & Gottschalk, 1988 The most common cause of kidney failure is diabetes as it makes up 32% of cases of kidney failure, and the second most common cause is a mixture of diseases collectively known as chronic glomerulonephritis or inflammation of the kidney, and this makes up to 29% of cases of kidney failure. Other causes are kidney stones, inherited causes and long-standing or poorly controlled high blood pressure.
In the artificial kidney, blood and an artificial plasma-like fluid are pumped into a dialyzer; inside the dialyzer, the blood and the dialysis fluid are separated by an artificial membrane as blood is circulated through the membrane which retains unwanted waste materials (Brenner& Rector, 1981) , as fiber walls contain micropores designed to allow waste products in the blood to pass without depleting the blood of other required constituents, and this process should be done without excessive pressure or causing the unwanted materials to repermeate the fiber wall (Adanur, 1995) Before hollow fibers were introduced, most of the dialyzers used flat sheet membranes or multi-layer fabrics made of several layers of needle punched fabrics. These flat sheet membrane devices are difficult to build and had a significant leakage problem whereas hollow fibers could be made economically and are structurally reliable (Wrigh, 2006).
Principle of Dialysis (Diffusion and Ultrafiltration)
If two solutions of different compositions are placed on different sides of a permeable membrane, solutes will move by diffusion from the solution with the highest concentration (blood) to the solution with the lowest concentration (dialysate).
In hemodialyzer, arterial blood flows through the lumen of a hollow fiber dialyzer where water and small waste metabolites (mainly urea, creatinine, uric acid and phosphate ions) pass through the hollow fiber membrane walls from blood to the dialyzing fluid which is an osmotically balanced solution of electrolytes and glucose (Schrier& Gottschalk, 1988).
The rate of movement will depend on the concentration gradient for the solute between the two solutions (blood and the dialysate), the permeability of the membrane to the solute, and the surface area of the membrane (Brenner & Rector, 1981) As solute movement continues over a period of time, the concentration falls in the solution with the higher concentration (blood), and rises in the solution with the lower concentration (dialysate), and the two solutions approach each other in composition. Thus the maximum rate of solute transfer occurs initially when the concentration gradient is greatest. The dissipation of the concentration gradient can be minimized and the transfer of solutes is optimized by increasing the volume of the fluids and this is accomplished in hemodialysis by replacing the recipient fluid with fresh solutions at periodic intervals (Ultrafiltration) (Macpherson, 1995) .
Hemodialysis membranes are often grouped into three categories: (a) cellulose membranes (most often cuprophane); (b) modified cellulose such as acetate, cellulose triacetate, and hemaphan; (C) synthetic membrane such as polyacrylonitrile, polymethylmethacrylate, ethylene -vinyl alcohol copolymer, polyamide and polysulfone (Harba, 2005) .
Eighty percent of the dialyzers used were made of cellulose materials which have excellent permeability for low molecular substances, but due to their strength and excellent blood compatibility, synthetic polymer membranes have replaced the cellulose membranes (Adanur, 1995).
Hollow Fibers
Hollow medical fibers are simply polymeric fibers that have a continuous hole running down the middle (James, 2004) , which is created by the introduction of air or other gas (nitrogen) in the polymer solution (in wet spinning process or by melt spinning through specially designed spinnerets (Hoechst Celanese Corporation, 1990) having a wide-ranging and precise control of wall thickness and diameter in the course of production (Vorbach et al.,1999 ).
The fibers must be porous in order to act as a filter. Porosity must be structured in the fibers. One method of doing this is to add a soluble particulate into the polymer before it is made into a hollow fiber. This material is then dissolved out of the fiber by passing through a leaching solution. This method is used for making hollow fibers from both melt spun or solutions -spun precursors. In another method, a hollow fiber is melt spun and then subject to a cryogenic gas that actually shatters the polymer to cause voids (James, 2004) .
Hollow fibers with the porous wall structure (hollow membranes with a very large surface / volume ratio in a smallest space) have found increasing access to hemodialysis and they have replaced coil and laminate in dialyzer devices (Vorbach et al., 1999 ).
Experimental Work
Blood flow, dialysate flow, fiber type and surface area are considered the main determinants of the performance of a dialyzer. In this study, blood flow and dialysate flow were fixed and three different hollow fibre materials were used, hemophane, cuprophane, and polysulfone fibers with three different surface areas of 1.1, 1.3, and 1.6 m 2 . In order to evaluate the efficiency of the dialyzers under study, urea, creatinine, and phosphate clearance in (ml/min) were measured by comparing these substances concentrations in blood in the post-procedure dialysis with their concentrations in blood after dialysis (blood inlet and blood outlet) which indicates the rates of removal of these substances (dialyzer efficiency). These performance data were measured according to standard BS EN 1283: 1996. 
Results and Discussion

Effect of Surface area on Hemodialyzers Efficiency
It is obvious from table (2) and figures from 4 to 9 that there is a direct relationship between the dialyzer surface area and its clearance efficiency; the larger the surface area, the higher rates of removal of waste substances the dialyzer obtains. For example, dialyzers of surface area of 1.6 m 2 recorded the highest rates of clearance, followed by 1.3 and 1.1 m 2 dialyzers. The increase in the dialyzer surface area means an increase in number of hollow fibers per unit area, which leads to a relatively larger dispersion area, and therefore the contact areas between blood, which flows inside the hollow fibers, and the dialysate, which flows outside the hollow fibers, will also increase. Owing to the smaller inter-fiber capillary radii, the transportation of waste substances between blood inside the fiber and dialysate outside the fiber will be increased.
Effect of Fiber Type on Hemodialyzers Efficiency
It is clear from table (2) and figures from 1 to 5 that polysulfone hollow fiber dialyzers have achieved the best results of waste substances removal (urea, creatinine, and phosphate) compared to hemophan and cuprophan hollow fiber dialyzers.
Although cellulose membranes (Cuprophane) and regenerated cellulose membrane (hemophan) are more hydrophilic than synthetic membranes because of the interaction of hydroxyl groups with water by hydrogen bonding and in regenerated cellulose membranes which are hydrogels, solute diffusion occurs through the highly water-swollen amorphous regions, which is supposed to be an advantage because the permeability of the membrane increases as the hydrophilicity increases but these membranes have the disadvantage of being morphologically homogeneous or symmetric, meaning that the membrane porosity is similar throughout the entire thickness of membranes, which makes them effective in the entire diffusive transport properties of small solutes (for example. urea and sodium chloride), but limited in the transport of middle and large molecules. In contrast, in synthetic membranes such as polysulfone copolymers, the hydrophobic materials form asymmetric and isotrpic membranes with solid structure and open void spaces. These membranes are characterized by a skin on one surface, typically a fraction of a micron thick, which contains very fine pores and constitutes the discriminating barrier determining the hydraulic permeability and solute retention properties of the membranes. The bulk of the membrane is composed of a spongy regions, with interstices that cover a wide size range and with a structure ranging from open to close cell foam. these spongy regions increase the diffusive permeability of the membranes and have the advantage of being less restrictive to the transport of middle and large molecules. Fig. 9 . Effect of surface area on the dialyzers efficiency, for polysulfone fiber 
Conclusion
Kidney disease, and subsequent kidney failure leading to dialysis, is a devastating chronic illness that has far reaching impact as it affects not only patients and their families but also society in general. Patients with kidney failure live a life on dialysis until they receive a kidney transplant.
Kidney failure is a condition where the kidney is incapable of performing its normal functions. In the artificial kidney, blood and an artificial plasma-like fluid (dialysate) are pumped into a dialyzer; inside the dialyzer, the blood and the dialysis fluid are separated by a hollow fibers membrane as blood is circulated through the membrane which retains unwanted waste materials as the fibers contain micropores designed to allow waste products in the blood to pass without depleting the blood of other required constituents. Dialysis by a combination of diffusion and ultrafiltration can effectively change the composition and volume of body fluids.
In order to evaluate the efficiency of the dialyzers under study, urea, creatinine, and phosphate clearance in (ml/min) were measured in the blood before and after dialysis (blood inlet and blood outlet), which indicates the rates of removing hese substances (dialyzer efficiency).
Three kinds of hollow fiber materials were used in this research, Cuprophan, hemophan and polysulfone, with three surface areas of 1.1, 1.3, and 1.6 m 2 . Different parameters were studied, including fiber type and surface area to evaluate the efficiency of the dialyzers under study.
The results of this study show that there is a direct relationship between the dialyzer surface area and its clearance efficiency: the larger the surface area, the higher rates of removal of waste substances the dialyzer obtains, as evidenced by the fact that dialyzers with the surface area of 1.6 m2 achieved the best results compared to those of 1.1 and 1.3 m 2 .
It was also found that polysulfone hollow fiber dialyzers achieved the best results of waste substances removal (urea, creatinine, and phosphate) compared to other dialyzers.
